Abstract There is increasing scientific and political interest in the links between urbanization and human vulnerability to climate change. However, our literature review shows that the existing scholarship has largely focused on exposure resulting from urbanization, while other dimensions of urban vulnerability such as sensitivity or capacity to cope and adapt have been insufficiently represented or understood. Furthermore, most attention has been given to the negative effects of urbanization, while opportunities for vulnerability reduction have been underemphasized. Therefore, this paper takes a broader perspective to explore key relationships between urbanization, economic development and socio-economic vulnerability on a global scale. Using data with national resolution, we applied a clustering approach to identify ten country groups sharing similar patterns of urbanization and national income. We then explored associations between these country groups and selected indicators of exposure, sensitivity, coping capacity, and adaptive capacity drawing upon data from the World Risk Index. Our findings suggest that countries with rapid urbanization and economic transformation face significant challenges with respect to sensitivity and the lack of capacities. Additionally, these challenges tend to be greater the lower the income of the respective country. Yet, at the same time, urbanization can be a main driver for enhancing response capacity. The analysis suggests that urbanization can, hence, have nuanced effects on overall vulnerability. We argue that climate change science needs to be more balanced in terms of acknowledging and examining the different possible pathways of vulnerability effects related to urbanization. The country group analysis can provide a first entry point.
Introduction
A growing body of literature focuses on the relationships between urbanization 1 and (expected) climate change impacts and vulnerabilities (e.g. Hallegatte and Corfee-Morlot 2011; Romero-Lankao and Dodman 2011; Rosenzweig et al. 2011; UN-Habitat 2011; IPCC 2012) . While most of these pieces of scholarship suppose that urbanization contributes to vulnerability, some point to the double effect of urbanization as impetus to both vulnerability and adaptive capacity. Yet, the mainstream perspective in the literature tends to focus on urbanization as a driver of urban exposure, and thus tends to forget that urbanization also shapes other vulnerability factors, most notably sensitivity, response capacity, and actual response actions. This paper addresses this gap by exploring the dynamics of urbanization and economic growth as they relate to changing conditions in key dimensions of vulnerability: exposure, sensitivity, coping capacity, and adaptive capacity. For that purpose, this paper discusses current scholarship on the urbanization-vulnerability links and examines current gaps in the scientific knowledge and attention (section 2). This serves as a basis to describe, in section 3, our own approach, methods, and data. In section 4, we explore key links between urbanization dynamics, national income dynamics, and different dimensions of climate change vulnerability (i.e. hazard exposure, sensitivity, lack of coping capacity, lack of adaptive capacity). This analysis is structured along newly generated country groups which are identified using a cluster analysis. The results are synthesized and discussed in section 5, providing also key conclusions and an outlook for future research needs.
Approaches to the links between urbanization and climate change vulnerability
With a shared goal to explore the links between urbanization and climate change vulnerability, a growing number of scientific journal articles and international reports have been published recently. For example, the 2011 Climatic Change Special Issue on understanding climate change impacts and vulnerabilities at city scale explores the city-relevant benefits of national and local climate change policies . Another Current Opinion in Environmental Sustainability special issue provides an analytical review of the carbon and climate relevance of urbanization and of some of the interactions between urbanization and global environmental sustainability (Romero-Lankao and Dodman 2011) . A UN-HABITAT report (2011) explores the drivers of urban contributions to climate change, along with the drivers of urban vulnerability and resilience. Other reviews consider dispersed scientific approaches (e.g. Solecki et al. 2011 ) and policy documents (Birkmann et al. 2010) .
Also the broader climate change research community has turned its attention to this issue. The recent IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX) makes a number of references to the key role of cities in global climate change and disaster vulnerability. In addition, the new framework for the development and application of scenarios in integrated climate change research (van Vuuren et al. 2012; Kriegler et al. 2012; O'Neill et al. 2012) acknowledges that urbanization should be included and specified in the new set of reference storylines as one of the main factors of shared socio-economic pathways (SSPs) shaping future vulnerability conditions. However, many of the causal relationships, i.e., positive and negative effects of urbanization on vulnerability and adaptive capacity, are still insufficiently understood (Pelling 2003; Romero Lankao and Qin 2011; Cardona et al. 2012: 76) . This remains true despite an increasing number of case studies assessing the vulnerabilities and adaptive capacities in specific cities across the globe (see in detail, for example, UN-HABITAT 2011; UN-ISDR 2011; Balica et al. 2012) . With some exceptions (Romero-Lankao et al. 2012) , systematic comparative reviews that are specifically aimed at exploring common patterns but also differences in the national-scale urbanization-vulnerability links across different country groups are largely lacking to date.
The majority of the abovementioned articles of scholarship suppose that urbanization will contribute to an increase in climate change vulnerability. The SREX report, for example, finds with high confidence that urbanization along with settlement patterns and changes in socio-economic conditions "have all influenced observed trends in exposure and vulnerability to climate extremes" (IPCC 2012: 7) . It further specifies that "rapid urbanization and the growth of megacities, especially in developing countries, have led to the emergence of highly vulnerable urban communities, particularly through informal settlements and inadequate land management" (p. 8).
Some scholars loosely point to the double effect that urbanization can have on vulnerability. The Fourth Assessment Report of the IPCC notes that urbanization is "likely to have both positive and negative consequences for overall adaptive capacity of cities and regions" (Adger et al. 2007: 730) . Yet, it is interesting to note that this aspect is not represented in the report's summary for policy makers. On a similar note, the SREX report holds that "urbanization itself is not always a driver for increased vulnerability. Instead, the type of urbanization and the context in which urbanization is embedded defines whether these processes contribute to an increase or decrease in people's vulnerability" (Cardona et al. 2012: 79) . Therefore, the report considers urbanization amongst both the key drivers of vulnerability as well as response capacity (Cardona et al. 2012 ; for a similar argument see also UN-HABITAT 2011) .
Still, the literature tends to emphasize how urbanization increases risk, and to overlook its potentials for risk reduction. For example, the opportunities implied by urban densities for making disaster risk management more effective and efficient tend to be ignored. Also the question of winners and losers of urbanization appears to focus on the vulnerability of marginal urban inhabitants, particularly in middle-and low-income countries (e.g. Satterthwaite et al. 2007 ; and the abovementioned reports). However, the potentially positive vulnerability trends of the large emerging urban upper and middle classes, particularly in transition countries, appear to remain underemphasized. Also insufficiently addressed seem to be possible shifts in the vulnerability effects of urbanization as a city or country moves along different development stages. This is of relevance, for instance, in emerging countries where urban upgrading is taking place or where socio-economic progress of some population groups might allow for the gradual improvements of housing conditions and for increased access to social services such as healthcare or education. Similarly, governmental capacity for disaster risk management and adaptation infrastructure tends to be neglected. Hence, it seems relevant to explore the dynamics of urbanization and urban places as they relate to changes in vulnerability, with some cities and sectors increasing their adaptive capacities while others becoming increasingly vulnerable. Development trends in megacities of Asia's Tiger economies, for example, hint to the relevance of such questions. As growth engines of these developing economies they contribute the lion's share to national economic progress, and hence, to the creation of capacities on a broader level.
A second challenge to the current scientific (and political) debate on the vulnerability effects of urbanization relates to the overwhelming attention given to exposure, neglecting other equally important dimensions of vulnerability, i.e., sensitivity, capacity, and actual responses 2 (Romero Lankao and Qin 2011; Birkmann et al. 2010; Garschagen and Kraas 2010; Romero-Lankao et al. 2012) . Indeed an increasing number of studies have assessed the current and future exposure of urban areas to climate hazards (e.g., McGranahan et al. 2007; Hanson et al. 2011; de Sherbinin et al. 2007 ). These studies have been widely cited by climate change scientists and practitioners and have proven extremely helpful in raising awareness. They underpinned IPCC AR4's findings, asserting that "rapid urbanization in relatively high-risk areas is a special concern because it concentrates people and assets and is generally increasing global and regional vulnerability to climate-change impacts" (Wilbanks et al. 2007: 361) . In fact, the emphasis on exposure has become so prominent that in much of the literature vulnerability has been erroneously reduced to being a synonym for exposure.
Yet, urbanization is not only a driver of urban exposure; it also shapes urban sensitivity, capacity and actual responses. As one of the aforementioned reports states, "[a] focus on the exposure to climate hazards alone is insufficient to understand climate change impacts upon urban centers, their populations and economic sectors. Attention to urban resilience, development, socio-economic and gender equity, and governance structures as key determinants of adaptive capacity and actual adaptation actions is also necessary" (UN-HABITAT 2011: 12) . This is true particularly in developing economies and transition countries where these two dimensions are highly dynamic and rapidly changing along with socio-economic transformation and development (e.g. Garschagen and Kraas 2011) . To complicate things even further, urbanization effects on sensitivity and capacities can influence aggregated vulnerability in both directions, i.e., they can augment but also counteract exposure trends, depending on the context. Yet, assessing the sensitivity and capacity effects of urbanization is a highly challenging task as these dimensions comprise rather intangible factors, such as governance. This makes their appraisal more difficult than the mapping of exposure -in fact, this might also contribute to the predominant emphasis on exposure to date. Unfortunately, even the abovementioned UN-HABITAT report does not review these dimensions in detail or compare them along different country groups or governance regimes.
A number of preliminary conclusions can be drawn from this review, which inspired and guided the analysis presented in the next sections: Existing scholarship has mostly focused on the negative effects of urbanization on vulnerability, frequently reduced to merely a measure of exposure. Other dimensions of urban vulnerability such as sensitivity and capacity have been insufficiently represented and examined. The dynamics of urbanization as they relate to changing aggregate vulnerability conditions seem, therefore, not to be properly studied and understood. This paper is a first attempt to cover the gap by exploring how the dynamics of urbanization relate to key dimensions of risk and vulnerability at the national level.
Theoretical framework, methods and data
Our approach to analyzing trends in urbanization and national income and their implications for vulnerability is structured along two components. The first relates to the conceptual framing of vulnerability, i.e. the propensity of people (their livelihoods and assets) and their economic, social and cultural activities to suffer adverse effects from exposure to hazards. Building on, for example, Adger (2006) , Cardona et al. (2012) , Wisner et al. (2004 ), Turner et al. (2003 , Eakin and Luers (2006) , Bohle (2001) and Birkmann et al. (2013) we could say that vulnerability is a central element in the social construction of risk. Urban populations, in their interaction with the changing urban socio-ecological systems, construct urban risk by (a) transforming their physical environment and, hence, creating hazards of different intensities or magnitudes as well as by propelling social processes that shape their (b) exposure and (c) vulnerability. In accordance with the conceptual framework of the SREX report (Cardona et al. 2012) , risk can therefore be considered as a function of (a) hazards, e.g., heat waves, sea-level rise and other natural or urbanization-induced stresses that carry the potential to cause harm; (b) exposure, i.e., the extent to which urban populations, economic activities and built environments (the systems of concern) are in contact with, or subject to hazards; and (c) vulnerability, i.e., the propensity or predisposition to be adversely affected. Vulnerability, in turn, depends on (i.) sensitivity, i.e., the degree to which the systems of concern are susceptible to hazards with patterns of susceptibility often based on demographic characteristics (age) or built-environment features such as storm drains or the consistency of water and energy supplies. Yet, vulnerability also depends on the capacity to respond, comprising (ii.) short-term coping and (iii.) long-term adaptive capacity, i.e., the ability to avoid or lessen the negative consequences of hazards through the access to resources, assets, and options people draw upon to moderate potential damages, to cope with the consequences, or to introduce policy changes to expand the range of variability with which they can cope (cf. the figure provided in the supplementary online material). Capacities can be different from actually realized (or realizable) coping and adaptation actions (e.g. Romero Lankao and Qin 2011; Birkmann et al. 2013; Romero-Lankao et al. 2012) .
The second component of our approach relates to the analysis of the vulnerability implications from urbanization across different countries. We applied a clustering approach to identify country groups sharing similar patterns of national income and urbanization. The former is, on an aggregate level, of high relevance for vulnerability and adaptive capacity-and, hence, of interest here. Table 1 . The results were then plotted in a two-dimensional matrix with (1) and (2) as first-order and (3) and (4) as secondorder separators. Therefore, each country was assigned to one of the resulting 216 cells. Ten groups were then demarcated based on the emerging natural breaks and clusters. Table 2 and Fig. 1 summarize the groups and compare their main characteristics in terms of urbanization and income levels and the dynamics therein (i.e. the rates of growth). For example, although group 2 is one of the wealthiest, groups 1, 6, 8 and 10 are the most dynamic ones (indicated by the hatching in Fig. 1 ). The ordering in Table 2 is not to be read as a hierarchical ranking of the general status of socio-economic development since this would require much broader multidimensional data. The resulting country groups were then cross-correlated with national-level quantitative data on hazard exposure, sensitivity, and capacities from the World Risk Index 2012 (c.f. Welle et al. 2012) . The World Risk Index (WRI) assesses national levels of risk related to natural hazards. It differs from other global risk indices (e.g. Dilley et al. 2005; Harmeling and Eckstein 2013) in that it applies a wider range of vulnerability indicators, focusing not only on exposure dimensions and past impacts but particularly on attributes of sensitivity and response capacity (see in detail the supplementary electronic material). It is therefore more suitable for the multi-dimensional vulnerability assessment envisaged in this paper. The World Risk Index combines a number of quantitative indicators which are aggregated into normalized sub-indices of exposure, susceptibility, coping capacity and adaptive capacity, to then be aggregated into the final risk index (c.f. Welle et al. 2012 ). These sub-indices have been used for the cross-correlation analysis with the country groups here. The subindex on exposure 4 computes the percentage of the population exposed to one or more of the following hazards: floods, cyclones, sea level rise and drought 5 (c.f. Welle et al. 2012) . The sub-index on sensitivity 6 aggregates the following variables: share of population without access to improved water source and sanitation; share of undernourished population; dependency ratio; share of population living in extreme poverty; GDP per capita; Gini coefficient (Welle et al. 2012) . In line with the conceptual framework presented in section 3, the World Risk Index captures capacities in two different sub-indices: (1) The first one captures adaptive capacity as it allows for long-term adaptation processes and implies structural change to system components in order to reduce sensitivity and exposure. The sub-index comprises data on: education and research (adult literacy rates; combined gross school enrollment); gender equity (gender parity in education; share of female representatives in the national parliament); environmental status and ecosystem protection (available water resources; biodiversity and habitat protection; forest management; agricultural management); and investment (public health expenditure; life expectancy at birth; private health insurance) (c.f. Welle et al. 2012) . (2) Coping capacity, in contrast, minimizes hazard impacts within the boundaries of the current system set-up. This sub-index aggregates data on: medical services (availability of physicians and hospitals); property insurance coverage; governance and authorities (good governance/failed state index; corruption index) (see in more detail Welle et al. 2012 ). Both sub-indices are embraced by the definition of capacities in our conceptual framework (section 3) and are, hence, jointly considered for the analysis of this dimension. Additionally to the world risk index data, national level data on the UNDP Human Development Index (HDI) was used for cross-examination, particularly targeting aspects of social development and sensitivity. In addition we explored the effects of urbanization on hazards themselves. However, no global data-set exists for examining this link comprehensively. Given the close link to exposure, hazard effects are integrated with the discussion on exposure in section 4. Note that GDP/GNI data are used in both the country grouping and the WRI index (within the sensitivity sub-index) as well as the HDI index. However, in order to keep the integrity and comparability of the WRI data, we chose not to exclude the GDP from the WRI calculation. Additionally, GDP is only one out of seven indicators for the sensitivity sub-index in the WRI and one out of 26 indicators for the entire WRI. Hence, the effect of auto-correlation is limited and does not outweigh the comparability argument.
Findings

Exposure, hazards and urbanization
The box plots in Fig. 1 illustrate that in terms of exposure there is not very much difference across the country groups. On average, countries with lower national income tend to face slightly higher levels of exposure than those with higher income levels. Country groups experiencing dynamic urbanization and economic growth are among the groups with the highest exposures (groups 6, 8 and 10). Small island states with moderate levels of urbanization (group 9) are amongst the most exposed countries.
Yet, urbanization cannot be linked only to exposure, but can directly lead to an alteration -mostly intensification -of natural hazards occurring within urban areas. While no comparable global data sets cover these processes (also not the World Risk Index), a number of observations can be made that should be considered when assessing future urban risk pathways. Urbanization usually implies widespread soil sealing and the reduction of flood retention areas, in turn intensifying flood hazards ). In addition, urbanization can produce heat island effects (Mokhov 2009; Iizumi and Surjan 2011) , contributing not only to heat stress but also to increased local precipitation. Urban block-structures can further increase the likelihood of wind hazards as well as velocity hazards in case of severe flooding.
On top of these natural hazard effects, cities can generate or intensify a broad array of anthropogenic hazards such as industrial accidents, oil spills, epidemics, civil riots, economic crises, real estate bubbles, and many more (c.f. Mitchell 1999; Kraas 2003) . These hazards often not only overlap with the natural hazards but can even cross-intensify each other, resulting in hazard cascades that can lead to, for example, riots or epidemics (e.g. Lau et al. 2010; Patel and Burke 2009 ).
Sensitivity and urbanization
Correlating the sensitivity measure of the World Risk Index with the country groups developed here yields a distinct pattern of high relevance for the focus of this paper (see Fig. 1 ): Countries with higher rates of urban population growth (particularly groups 6, 8, and 10) have, on average, significantly higher levels of sensitivity than the respective groups with similar current levels of urbanization and income but with lower urbanization dynamics (notably groups 7 and 9). Hence, at the national level, countries with highly dynamic urban growth, mostly emerging economies in Asia and Africa and to a lesser extent in South America, are faced with greatest challenges in terms of sensitivity. In most cases, urban growth dynamics are thereby further linked to dynamic growth in national income levels, yet some of the highest sensitivity levels can in fact be observed in those countries facing high urban growth but comparatively little growth in income levels (particularly in group 10). Fig. 1 Distribution of country groups and associations with risk and vulnerability indicators. The map on the top illustrates the global distribution of the countries in the ten country groups. The hatching in group 1, 6, 8 and 10 indicates that these groups are particularly dynamic in terms of urban and economic growth, including mostly countries in Asia, Africa and the Middle East (cf . Tables 1 and 2 ). The box plots illustrate the associations between the country groups (x-axes) and the different sub-indices from the World Risk Index and other data (y-axes), i.e., starting from the top-left, exposure, sensitivity, lack of coping capacity, lack of adaptive capacity, aggregate of sensitivity and lack of coping and adaptation capacities, overall risk (aggregated from the previous four), and finally the HDI (cf. section 3). The boxes are demarcated by the first and third quartile and provide the median. Outliers (i.e. countries with values greater than 1.5 interquartile ranges away from the first or the third quartile) are named in the box plots and can be best read by zooming in using the digital version. The whiskers indicate the lowest and highest values that are not outliers. The table on the bottom-right summarizes the main characteristics of the countries groups (in accordance with Table 2) The findings are supported by the analysis of an additional sensitivity proxy, the national Human Development Index (HDI). Again, the transition countries with highly dynamic developments in national income and particularly in urbanization (groups 6, 8, 10) feature much lower HDI scores than the respective peer groups with similar absolute levels presently, but less dynamic developments over the last years (notably C o u n t r y G r o u p s group 7 and 9). This data set also reveals the general link between low income and high sensitivity levels. These figures underscore the massive challenges for social development in rapidly urbanizing transition countries. The question whether urbanization will exacerbate these challenges or will be part of their solution is, therefore, of central relevance and the different possibilities must be captured when exploring future urban vulnerability scenarios (see section 5).
Despite the importance of the abovementioned findings, it is imperative to remember that sensitivity is also an issue in high-income nations with comparatively matured urbanization levels. Along with demographic change, the cities of these countries have an increasing elderly population with high sensitivity to climate-related hazards, as the 2003 European heat wave and Hurricane Katrina have illustrated (Robine et al. 2012; Cutter and Gall 2008) . This phenomenon can be observed in many countries of group 2 and 3, i.e. in industrialized countries and many of the former Soviet nations. Additionally, the heavy dependence on complex high-tech, and in some cases deteriorating, infrastructure networks increases the susceptibility not only of the cities themselves but also for the wider hinterland and entire economies. On top of the dependency ratio considered in the WRI, it might, hence, be worthwhile considering some measure for appraising the sensitivities related to technical or physical infrastructure.
Capacity and urbanization
Similar to the findings from the sensitivity analysis, a number of key correlations can also be observed between urbanization patterns and capacity variables (compare Fig. 1 ): On average, the lack of capacity is greater the lower the national income is in the respective country group. Those country groups with high urban growth (notably 6, 8, 10) feature considerably larger capacity deficiencies than the respective country groups with similar current levels of urbanization and income, but with less dynamic growth (notably 7, 9).
These figures underscore the challenges associated with both low income and rapid urbanization in terms of building response capacity. Urbanization often implies a strain on available resources, both in the private and the public sector, particularly in low-and middleincome nations, where depending on the political system and the policy prioritization, urban neglect can be a challenge. Countries with low income and urbanization levels yet with high levels of urban growth (group 10) can face particularly grave capacity challenges as can middle-income countries with high urban growth (groups 6 and 8).
Discussion, Conclusions and Outlook
This paper identified and explored key links between urbanization and climate change vulnerability on a global level. We clustered countries into ten groups, using indicators of urbanization and national income and cross-correlated these with indicators of exposure, sensitivity, and capacity. A number of patterns emerged from this analysis: In general the level of income is positively associated to the level of urbanization, meaning that on a global average, the higher the income level of a country, the higher its level of urbanization. Exposure indicators showed a minor variation, with most of the lower income country groups featuring exposure values slightly above the average. Differences in sensitivity and capacity are more evident. While the observed correlation between higher sensitivity and lower income levels ( Fig. 1) has to be taken with caution given the partial inclusion of income data also into the WRI sensitivity measure (see section 2), a general trend can be observed in which the lack of both coping capacity and adaptive capacity is higher the lower the average income of the respective country group. Those country groups with rapid urban growth (notably groups 6, 8, 10 mainly in Asia and Africa) have the highest levels of sensitivity and the lowest capacity levels. Particularly, they have comparatively higher values than the groups with similar current income and urbanization levels, but less dynamic urban growth (notably groups 7 and 9). Both of these patterns hold when taking the HDI as proxy for crossexamination and considering the aggregate measure of sensitivity and lack of capacity (Fig. 1) .
These findings should not lead to conclude that an inevitably negative correlation exists between urbanization and deterioration across the board of sensitivity and capacity factors. In fact, a wide array of capacity enhancing effects of urbanization can be observed, particularly among emerging economies and transition countries, where scholars have documented that on aggregate urban areas are, in almost all cases, leading the development process and thus shaping many determinants of adaptive capacity (UNDP 2010; Henderson 2005; Bloom et al. 2008; Jayasuriya and Wodon 2002 ). Yet, in cases where rapid urbanization is not matched by economic growth, the challenges for building response capacity can be tremendous (e.g. in many countries in group 10). These issues need to be considered when assessing future pathways of urban vulnerability, e.g. in integrated modeling approaches.
Urbanization can also offer opportunities for disaster risk management. Many highincome countries demonstrate how urban density can be utilized for increasing the efficiency and effectiveness of measures such as disaster response units, hydraulic infrastructure or risk-sensitive land-use zoning (Cross 2001; Birkmann et al. 2010; UN-HABITAT 2011: 13; Sudmeier-Rieux et al. 2013 ). On the other hand, negative urbanization can bring forth tremendous challenges for designing and financing efficient adaptation strategies, as observed in country group 3 consisting mostly of ex-members or successor states of the Soviet Union, featuring high proportions of shrinking cities with decreasing densities.
Despite yielding interesting explorative results, the approach chosen here comes with a number of caveats and limits. Most of global data sets are only available at the national level thus not allowing for a detailed analysis of urban vs. rural vulnerability. Further, the urbanization data do not differentiate between the types of cities and the different vulnerabilities characteristic of mega-urban areas as compared to smaller cities. Also, the aggregated data do not allow for critical analysis of socio-economic disparities and vulnerability differentials within cities, e.g. targeting urban slum areas with high vulnerability, which are by some scholars projected to host up to 2 billion people by 2030 (UNDP 2007) . Apart from the variables used in the WRI, vulnerability depends on an array of additional factors, e.g. social networks, land title security, quality of the rule of law, political freedom, power differentials, risk perception or governmental priorities (Romero-Lankao et al. 2012; Garschagen 2013) for which global data are largely lacking to date. Many of these factors are not easily quantifiable, in addition to being highly localized and not discernible with low resolution data as used here.
Notwithstanding the above, the findings of the paper contribute to advancing the knowledge on the urbanization-vulnerability links and help stimulating further discussion and analysis. The paper suggests a focus not only on the exposure effects of urbanization but also on the implications of urbanization on sensitivity and response capacity. Our analysis underscores that urbanization can have different implications on overall vulnerability, e.g., in groups 6 and 8 where high current sensitivity levels interact with high rates of urban growth and, hence, high levels of future urban exposure -but also with high levels of economic growth, offering prospects to enhance adaptive capacity at the national level. The linkages and trade-offs between the different vulnerability dimensions therefore deserve much greater scientific and political attention in the future. Resulting are also governance questions, e.g., how these opportunities and challenges are negotiated and shared within cities as well as between cities and their rural hinterlands. A focus on the dynamics of urbanization and income growth, further, led us to find that countries experiencing a rapid urban growth that is not matched by income growth and enhanced response capacities (group 10) will be faced with the greatest vulnerability challenges. Based on these findings, we suggest approaches that more closely integrate the different factors of vulnerability and risk in a dynamic manner, focusing in particular on their inherent feedbacks but also trade-offs and conflicts.
Looking ahead, the aspects above need be considered when exploring potential pathways of global (urban) climate change vulnerability -as for example envisaged in the SSP initiative (section 2). The country groups and the analysis of their exposure, sensitivity and capacity patterns might prove helpful for profiling the urbanization-vulnerability-links and for informing global impacts, adaptation and vulnerability (IAV) assessments and integrated assessment models (IAM). Yet, increased efforts will be necessary to advance our explorative findings and to further deepen our understanding of urbanizationvulnerability links as well as their differences and commonalities across countries.
